Background
Multiple sclerosis is a chronic inflammatory disease of unknown pathogenesis causing demyelination of the central nervous system. The potential association between multiple sclerosis and venous reflux into the skull or spine was first described by Schelling [1] . However, the hypothesis of chronic cerebrospinal venous insufficiency (CCSVI) as a causative factor in multiple sclerosis has been recently implicated by Zamboni et al. [2] [3] [4] [5] . Extracranial multiple venous strictures have been postulated to produce substitute collateral circles and reflux into both extracranial and intracranial venous systems. Although the alternative pathways may prevent intracranial hypertension, they will get overloaded with time, and the cerebral venous outflow regulation may be hampered. As a result, transmural venous pressure will be elevated, with local erythrocytes being extravasated. The latter may cause perivenous iron deposits with venotopic location typical of multiple sclerosis plaques. Zamboni et al. [2, 4] claimed a strong association between multiple sclerosis and CCSVI, and based on their findings, several attempts have been made to treat multiple sclerosis patients with percutaneous transluminal angioplasty [5, 6] . Nevertheless, given the controversial results from some other studies, the role of CCSVI in multiple sclerosis is still debated, and further investigations seem to be necessary for this controversy. Furthermore, the proposed treatment has not gained universal acceptance to date.
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The purpose of our study was to determine if there is any difference in hemodynamics of cerebral venous drainage between patients with multiple sclerosis and their control subjects, by using extracranial grayscale and color Doppler studies.
Material and Methods
Our institutional review board approved this prospective study. Written informed consent was obtained, with patients' confidentiality being maintained during the study.
Study subjects
This prospective study was performed between December 2012 and May 2013. The study population comprised 44 consecutive patients with a definite diagnosis of multiple sclerosis according to the revised McDonald criteria [7] . Forty-four age-and sex-matched control subjects were also included in the study. Exclusion criteria included history of cerebrovascular diseases, migraine, congenital or acquired vascular malformations (e.g., Budd-Chiari syndrome, Klippel-Trénaunay-Weber syndrome, Parkes Weber syndrome, vein of Galen malformation, or dural arteriovenous fistulae), any kinds of vasculitis (e.g., Behçet's disease or Takayasu arteritis), subclavian steal syndrome, vertebral artery dissection, intracranial hypertension, thrombophilia, thrombosis of jugular or deep cerebral veins, central venous access placement, tricuspid regurgitation, and right-sided heart failure. Those with a relapse or steroid treatment within 30 days before the study were also excluded.
Imaging technique
The evaluation was performed in a blinded manner by a radiologist with more than 8 years of experience in extracranial Doppler studies by a SonixOP system (Ultrasonix Medical Corporation, Richmond, Canada) with a 7.5-12 MHz linear array probe, which had B-mode, color Doppler, and duplex Doppler capabilities. Bilateral internal jugular veins (IJVs) and vertebral veins were interrogated in both the supine and sitting positions. Given the physiological change in the diameter of cervical veins during deep inspiration or expiration, the patients were asked to breathe quietly during the examination and all measurements were done in breath-holding time. In addition, the utmost caution was exercised to avoid collapse of the cervical veins by probe compression during the examination.
The following four criteria, used by Zamboni et al. [2, 4] and claimed not to occur in healthy subjects were assessed by the examiner: B-mode evidence of stenoses of IJVs, reversal of postural control of the cerebral venous outflow pathways, absence of flow in the IJVs and/or vertebral veins, and reflux in the IJVs and/or vertebral veins in the sitting or supine position.
B-mode evidence of stenoses of IJVs
The whole cervical region was explored on grayscale imaging, and bilateral IJVs were meticulously followed on their entire course using a transverse approach. The narrowest portion of the IJV was examined on each side, and in the axial section, a line was drawn manually around the wall of the vessel. Therefore, the cross-sectional area (CSA) could have been calculated by a dedicated software on the ultrasound machine. Since a cross-sectional area of <0.3 cm 2 was never found in healthy subjects [8] , the mentioned value was defined as a threshold below which the vessel was considered stenotic.
Reversal of postural control of the cerebral venous outflow pathways
The IJVs are the major exit pathways of cerebral blood for the brain in the supine position. They may collapse with the vessel area being reduced in the upright position [9] . Postural change in the IJV area was interpreted by ÄCSA, calculated as supine CSA minus its counterpart upright CSA. A positive result meant that the vessel diameter in the supine position was larger than that in the sitting position. A decrease in CSA during the supine position, i.e. negative ÄCSA, was regarded as reversal of postural control of the cerebral venous outflow pathways.
Absence of flow in the IJVs and/or vertebral veins
The distal part of the vertebral veins was examined near the vertebral artery and above the clavicle. Next, the course of the vein was attempted to be followed with a transducer. The lack of a color Doppler-and duplex Doppler-detectable flow in the vertebral vein was recorded after a thorough search. Similarly, IJVs were scanned to find any evidence of no detectable flow.
Reflux in the IJVs and/or vertebral veins in the supine or sitting position
The direction of blood flow in the IJVs and vertebral veins was examined bilaterally. As mentioned earlier, the evaluation was performed in breath-holding time. The previously retrograde flow in the cervical veins was searched for in spectral imaging, with the evaluation of reverse flow in both the supine and sitting position. Reflux time of >0.88 seconds was considered abnormal [10] .
Statistical analysis
All continuous data were expressed as mean±standard deviation, and categorical data were presented as proportions. Statistical analyses were carried out using SPSS version 17.0 (SPSS Inc, Chicago, Illinois, USA). Differences in each categorical variable between the two groups were tested for significance using Fisher's exact test. In 20 randomly selected patients, ultrasound examination was repeated with a time interval of 4 weeks, and inter-examination variability was evaluated by Bland and Altman analysis. P values of less than 0.05 were considered statistically significant.
were on medication, with none of them being on steroid treatment within 30 days before the study. IJVs and vertebral veins were successfully insonated in all cases. The sonographic findings of the cervical veins in both groups are summarized in Table 1 .
In the study group, the area of the right IJV was 0.05 cm 2 ( Figure 1 ) and 0.26 cm 2 (4.5%) in 2 patients, and the area of the left IJV was 0.26 cm 2 in 1 (2.3%) patient. The measured area of IJVs in the remaining patients was >0.3 cm 2 , whereas no evidence of IJV stenosis was found in healthy subjects on grayscale imaging. However, the difference in the prevalence of IJV stenosis between the two groups was not statistically significant (right side, P=0.25; left side, P=0.12; both sides, P=0.12).
The negative DCSA of IJV was found in only 1 multiple sclerosis patient (supine CSA, 0.05 cm 2 ; sitting CSA, 0.1 cm 2 ) on the right side; the remaining patients and all healthy control subjects had no evidence of the reversal of postural control of the cerebral venous exit pathways, indicating no statistically significant difference between the groups (P=0.50).
Absence of detectable blood flow in the IJVs veins was seen in neither the study group nor the control subjects. In patients with multiple sclerosis, blood flow could not be detected in the vertebral veins by color Doppler and spectral imaging in 1 (2.3%) and 2 (4.5%) patients on the right and left sides, respectively. In contrast, vertebral vein blood flow was detected in all healthy subjects. However, no significant difference was found in the prevalence of absent blood flow in the vertebral veins between the two groups (right side, P=0.50; left side, P=0.25; both sides, P=0.12). Table 1 . Number of patients with the criteria parameters in the study (n=44) and control (n=44) groups.
IJV -internal jugular vein. (Figure 2) . Hence, there was no difference in the prevalence of abnormal venous reflux between patients with multiple sclerosis and healthy subjects.
Inter-examination variability was evaluated in 20 patients. Paired t-test showed no significant change between the first and second time (P=0.85), indicating a good interexamination agreement.
Discussion
Since the determination of CCSVI by Zamboni et al. [2] as a causative factor in the development of multiple sclerosis plaques, several studies with controversial results have been conducted in this regard. In the previous studies, variable imaging modalities, including extracranial and intracranial ultrasound, digital subtraction venography, and magnetic resonance venography were used to assess the relationship between CCSVI and pathogenesis of multiple sclerosis. Some studies confirmed that the prevalence of CCSVI in multiple sclerosis patients was significantly higher, compared to their control subjects [11] [12] [13] [14] [15] [16] [17] . In contrast, the results of other investigations contradicted those of Zamboni et al. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
The following four investigators found equivocal results: Zivadinov et al. [36] reported a higher prevalence of CCSVI in multiple sclerosis, but with modest sensitivity and specificity. Floris et al. [37] found a slight, albeit not statistically significant difference in the prevalence of CCSVI between multiple sclerosis patients and healthy subjects. Lanzillo et al. [38] found that CCSVI was more common in multiple sclerosis patients. However, its prevalence was more related to the patient's age. Chambers et al. [39] found an increased prevalence of IJV variations in their patients. However, the causal role of CCSVI in multiple sclerosis was not supported.
In the present study, we investigated the potential relationship between multiple sclerosis and abnormal hemodynamics of cerebral venous drainage in our patients using realtime ultrasonography of the cervical veins. Four extracranial grayscale and color Doppler ultrasound parameters were examined in the case-control study. The criteria were similar to those adopted in the majority of the previous studies, i.e., B-mode IJV stenoses, reversal of postural control of the cerebral venous pathways, lack of detectable blood flow in IJVs and/or vertebral veins, and IJV and/or vertebral vein blood reflux in the supine or sitting position.
In the current study, despite a higher prevalence of the first three above-mentioned parameters in multiple sclerosis patients (as compared to their age-and sexmatched healthy subjects), the difference between the two groups was not significant. The remainder criterion was not detected in any of our patients. However, blood reflux with a duration of <0.88 seconds was detected in 6 and 2 patients within IJVs and vertebral veins, respectively. Moreover, the overall prevalence of three of extracranial ultrasound parameters was low in our multiple sclerosis patients, for unknown reasons. On the other hand, none of the healthy subjects in our control group showed evidence of CCSVI on grayscale or color Doppler imaging.
It was suggested that pulsations or surges in cerebral venous pressure may cause chronic venous inflammatory changes, and the resultant increased permeability would promote extravasation of erythrocytes [40] . The latter might be responsible for iron deposition in a perivenular or venocentric location typical for multiple sclerosis plaques.
Although it was proposed that multiple sclerosis plaques may develop from CCSVI and consequent iron deposition, to date, the association between multiple sclerosis and the proposed ultrasound criteria remained controversial. The current study does not support the hypothesis that CCSVI has a potential role in multiple sclerosis pathogenesis. Hence, it may cast doubt on any attempts to treat multiple sclerosis with percutaneous cervical venoplasty.
The major limitation of this study was a relatively small number of enrolled patients and their control subjects. Although the authors had performed a sample size calculation based on the prevalence of ultrasound markers of CCSVI, the negative result of our study regarding the difference in hemodynamics of cerebral venous drainage between patients with multiple sclerosis and healthy subjects, and also the fact that abnormal cerebral venous outflow pathways were seen exclusively in our multiple sclerosis patients may merit further investigations with a larger sample size even in the absence of statistical significance. Secondly, the results of the present study are limited to extracranial Doppler-adopted criteria. Therefore, correlations with findings from other imaging modalities seems necessary for clarifying the actual prevalence of CCSVI in multiple sclerosis patients. Thirdly, the operator dependency of grayscale and Doppler ultrasound may impact the results of venous examinations. Hence, conduction of all ultrasonographic examinations by only one sonographer is a further limitation of our study. Fourthly, the vertebral veins are generally difficult to identify with ultrasound. Also, the limitations of ultrasound examination are subject to equipment quality, and patient-related factors.
Conclusions
In summary, given the lack of Doppler evidence in favor of a significant higher prevalence of chronic cerebrospinal venous insufficiency in multiple sclerosis, the role of abnormal cerebral venous drainage as an etiological factor of multiple sclerosis remained in doubt, and our results called into question whether percutaneous transluminal angioplasty is rational in the treatment of multiple sclerosis. Hence, further investigations may be warranted to confirm or refute the CCSVI hypothesis.
